® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(3 Publication nunnber: 



0 337 703 

A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 89303519.6 
@ Date of filing: 10.04.89 



© Int. Cl.^: H03H 9/64 



(g) Priority: 11.04.88 JP 87380/88 

@ Date of publication of application: 
18.10.89 Bulletin 89/42 

® Designated Contracting States: 
DE GB 



0 Applicant: HITACHI, LTD. 

6, Kanda Surugadal 4-chome 
Chiyoda-ku Tokyo 101 (JP) 

@ Inventor: Hikita, Mitsutaka 
2-3-3 Sanda-cho 
Hachioouji-shi Tokyo 193(JP) 
Inventor: Kurosawa, Kazuhito 
1-9-5 Kaimon-cho 

Nakaminato-shr Ibaragi-ken 311-12(JP) 
Inventor: Tabuchi, Toyoji 
2648-2 Kavvajin Shiroyanna-cho 
Tsukui-gun Kanagawa-ken 220-01 (JP) 
Inventor: Shibagaki, Nobuhiko 
4-14-6 Nishi-koigakubo 
Kokubunji-shi Tokyo ia5(JP) 

0 Representative: Williams, Trevor John et al 
J. A. KEMP A CO. 14 South Square Gray's Inn 
London WC1R 5EU(GB) 



0 Surface acoustic wave filter. 



< 

CO 

00 
CO 

o 
a. 



@ Disclosed is a SAW filter employing a SAW 
resonator which is constructed of a plurality of pairs 
of electrode fingers fornned on a piezoelectric sub- 
strate, and in which a plurality of SAW transmission 
spaces are included. The SAW transmission spaces 
do not have the function of exciting a SAW, and they 
have electric lengths which match the phases of 
SAWs excited by the resonator. In accordance with 
frequency characteristics required of the filter, such 
SAW transmission spaces are introduced into, for 
example, one of a plurality of SAW resonators lo- 
cated on the electric power input side of the filter. 
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SURFACE ACOUSTIC WAVE FILTER 



BACKGROUND OF THE INVENTION: 



Field of the invention: 

The present invention relates to a filter which 
utilizes a surface acoustic wave (SAW), and more 
particularly to a SAW filter which is well suited to 
transmitters and receivers for mobile communica- 
tions, especially for cellular radio. The SAW filter 
according to the present invention is applied to 
mobile communication equipments such as a pock- 
et bell, mobile telephone and cordless telephone. 



Description of the Related Art 

A conventional SAW filter of the so-called tran- 
sversal type has had a construction wherein an 
input interdigital transducer for converting an elec- 
tric signal into a surface acoustic wave, and an 
output interdigital transducer for inverting the sur- 
face acoustic wave into an electric signal again are 
arranged on a piezoelectric substrate. An example 
of the SAW filter is stated in, e. g.. Proceedings of 
IEEE, Vol. 67 (1979). pp. 129-146. ' 

In the prior-art filter mentioned above, all the 
electric signals are once converted into surface 
acoustic wave signals by the input transducer, and 
the surface acoustic wave signals are inverted into 
the electric signals again by the output transducer. 
Therefore, loss attendant upon the processes of the 
conversion and the inversion is greatly heavy. 

Moreover, when it is intended to input high 
electric power to such a filter, a surface acoustic 
wave of large amplitude is excited due to the great 
input by the transducer, so that migration takes 
place in a very short time across the fingers of an 
interdigital electrode constituting the transducer of 
the filter (by way of example, in case of a filter for 
mobile telephone of 800 MHz band, the fingers of 
an aluminum electrode have a width of 1.1 - 1.2 
urn and a film thickness of 0.1 um). Since the 
proceeding of the migration leads even to the bur- 
nout or short-circuit of -the electrode fingers, the 
input power to the filter needs to be suppressed 
beiow about 10 dBm In the 800 MHz band by way 
of example. The technical problem of the migration 
is an important theme to be solved in the pertinent 
problem, and the solution is indispensable to n- 
hancement in the lifetime and reliability of transmit- 
ter and receiver. 

In addition, th advent of various communica- 
tion means r present d by portable t lephone sets, 
owing to the rec nt progress of communication 
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technology, remarkably heightens a demand for 
communication wavelength bands to be used for 
them. The necessity for realizing many commu- 
nications within a limited number of available 
wavelength bands requires conspicuous improve- 
ment in the frequency characteristics of the trans- 
mitters and receivers. 

The technical themes stated above are consid- 
ered to be highly important problems which must 
be eliminated in the field of future communication 
technology. 



SUMMARY OF THE INVENTION: 

The principal object of the present invention is ' 
to provide an improved SAW filter which solves the 
technical themes mentioned before. 

A more concrete object of the present inven- 
tion is to provide a SAW filter which has novel 
frequency characteristics. 

In order to accomplish the aforementioned ob- 
jects and other objects which wiil become apparent 
later, the present invention is performed as follows: 

In accordance with one aspect of the present 
invention, there is provided a SAW filter comprising 
a SAW resonator contructed including a piezoelec- 
tric substrate, a first electrode pattern which is 
formed on said piezoelectric substrate and which 
has a plurality of electrode fingers electrically con- 
nected to one another, and a second electrode 
pattern which is formed on said piezoelectric sub- 
strate and which has a plurality of electrode fingers 
electrically connected to one another and inter- 
leavedly arranged between the plurality of elec- 
trode fingers of said first electrode pattern; wherein 
said SAW resonator has a plurality of SAW trans- 
mission spaces for transmitting an excited SAVv ' 
therein while keeping a phase , of the SAW. Thus, 
the SAW filter whose upper and lower cutoff fre- 
quency characteristics are abrupt can be realized. 
Each of the SAW transmission spaces has an elec- 
tric length which is greater than a half-wavelength 
(X/2) of the SAW to be excited. In order to make 
uniform the phase of the SAW which are excited 
within the SAW resonator, each of the SAW trans- 
mission spaces has a predetermined electric length 
in the direction of transmitting the SAW. Although 
the electric length depends upon how to construct 
the resonator, it is given as, for exampi . 

2m + 1 



X or nX (wherem and n denot 
integers greater than z ro). The wav" length Xof the 
SAW to be excited corr spends to the passband 
frequency of the SAW filter. Preferably the plurality 
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. Of SAW transmission spaces are uniformly ar- 
ranged in the SAW transmitting direction within the 
resonator. In addition, as the number of the SAW 
transmission spaces is larger and as the electric 
length of each SAW transmission space is greater, 
the abruptness of the frequency characteristics 
stated above becomes more conspicuous. The 
electrode fingers constituting the SAW resonator 
are usually In a number of TOO - 1000 pairs, and 
are preferably in a number of 200 - 400 pairs. 
When the number of the electrode fingers is small, 
properties as the resonator weaken. More specifi- 
cally. SAW components which go out of the reso- 
nator increase to lower the Q factor of the resona- 
tor, with the result that the output/input ratio of the 
resonator proportional to the inverse number of the 
Q factor becomes smalj. The SAW transmission 
spaces merely transmit the excited SAW, and they 
do not have the function of exciting a SAW. The 
SAW filter constructed including the SAW resona- 
tor which has the plurality of SAW transmission 
spaces each having the predetermined electric 
length in the SAW transmitting direction (in gen- 
eral, this direction becomes perpendicular to the 
extending direction of the individual electrode fin- 
gers for the SAW excitation), brings forth remark- 
able improvements in the lower and upper cutoff 
frequency characteristics thereof and is effective 
especially as a band-pass or band-rejection SAW 
filter. The remarkable improvements in the fre- 
quency characteristics are embodied principally in 
the abruptness of the characteristics. This feature 
affords increase in the number of available commu- 
nication frequenciTbands. As the SAW resonator of 
the SAW filter according to the present invention, a 
one-port SAW resonator is available. 

In accordance with a limited aspect of the 
present invention* there is provided a SAW filter 
comprising a plurality of SAW resonators, at least 
one of which' is said SAW resonator having said 
plurality of SAW transmission spaces. Such a com- 
bined SAW filter increases the allowance of design, 
and is especially suited to attain desired frequency 
characteristics. 

In accordance with a further limited aspect of 
the present invention, there is provided a SAW 
filter wherein among said plurality of SAW resona- 
tors, one located on an electric power input side is 
said SAW resonator having said plurality of SAW 
transmission spaces. Such a SAW filter improves 
various characteristics, especially impedance char- 
acteristics, which are required of the SAW filters of 
transmitters and receivers for use in the cellular 
radio. 

In accordance with another limited aspect of 
the present invention, there is provided a SAW 
filter comprising a first SAW resonator which is 
disposed on an electric power input side, and a 



second SAW resonator which is disposed on an 
electric power output side, wherein at least one of 
said SAW resonators is said SAW resonator having 
said plurality of SAW transmission spaces, and 

5 said SAW resonators are electrically connected in 
series with each other. By disposing the SAW 
resonators separately on the power input and out- 
put sides, the electric power ratio of the pass 
frequency or attenuation frequency of the SAW 

70 filter can be enlarged. 

In accordance with a further limited aspect of 
the present invention, there is provided a SAW 
filter wherein said first and second SAW resonators 
are electrically connected through a capacitor. As 

T5 the capacitor, a gap capacitor is available. Owing to 
the presence of the capacitor, an attenuation value 
outside a band can be remarkably increased. 

In accordance with a still further limited aspect 
of the present invention, there is provided a SAW 

20 filter comprising a third SAW resonator which is 
connected In cascade with said first SAW resonator 
or said second SAW resonator as viewed from the 
input side or output side of said filter. The third 
SAW resonator enlarges the attenuation value of a 

25 tower frequency side in the frequency characteris- 
tics of the SAW filter. 

In accordance with a still further limited aspect 
of the present invention, there is provided a SAW 
filter wherein the third SAW resonators ^are respec- 

30 tively disposed on said input side and said output 
side. 

In accordance with another limited aspect of 
the present invention, there is provided a SAW 
filter wherein said SAW resonator having said plu- 

35 rality of SAW transmission spaces includes a third 
electrode pattern which has a plurality of electrode 
fingers electrically connected in common, said 
electrode fingers being respectively interleaved be- 
tween said first electrode pattern which has ttie 

40 plurality of electrically connected electrode fingers 
and said second electrode pattern which has the 
plurality of electrically connected electrode fingers. 
This SAW filter is effective especiaiiy as a high 
impedance filter. With the aforementioned con- 

45 struction wherein said third SAW resonators are 
respectively disposed on the input side and the 
output side, the attenuation value of the lower fre- 
quency side is more increased, and favorable fre- 
quency characteristics are realized. 

so In accordance with still another aspect of the 

present invention, there is provided a SAW filter 
wherein at least one further SAW resonator is con- 
nected electrically in series between said first SAW 
resonator and said second SAW resonator. Such a 

55 SAW resonator increases the attenuation value of 
the. higher frequency side of the frequency char- 
acteristics of the SAW filter. When the SAW reso- 
nator has still another SAW resonator connected in 
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cascade therewith, the attenuation value of the low- 
er trequency side can be simultaneously increased. 

In accordance with another aspect of the 
present invention, there is provided a SAW filter 
comprising a SAW resonator including a piezoelec- 
tric substrate, and a plurality of SAW excitation 
portions which are configured of a plurality of pairs 
of electrode fingers formed on said piezoelectric 
substrate, said respective SAW excitation portions 
being spacedly arranged so that phases of SAW 
excited by them may come into agreement. The 
spacing between the respectively adjacent excita- 
tion portions is given by 

2m + 1 

^ \ or n\ , depending upon how 

to construct the SAW resonator. Here, X denotes 
the wavelength oif the SAW corresponding to a 
frequency contained in the pass frequency band of 
the SAW filter. More concretely, the wavelength X 
corresponds to the center frequency of the pass 
frequency band required of the SAW filter. In order 
to excite the SAW at such a wavelength, the plural- 
ity of electrode fingers of the SAW excitation por- 
tion are disposed at intervals of X/2. It is accord- 
irigiy important that the spacing (electric length) 
between the SAW excitation portions is greater 
than V2. 

One advantage of the present invention is that 
a SAW filter having abrupt lower and upper cutoff 
frequency characteristics can be realized. 

Another advantage of Jhe present invention is 
that a SAW filter with a structure easy of realizing 
desired frequency characteristics which ' are not 
uniquely determined by the piezoelectric character- 
istics of a substrate can be realized. 

Still further advantages of the present invention 
will become apparent to those of ordinary skill in 
the art upon reading and understanding the follow- 
ing detailed description of the preferred embodi- 
ment- 



BRIEF DESCRIPTI0^3 OF THE DRAWINGS: 

The invention may take form in various parts 
and arrangements of parts. The drawings are only 
for purposes of illustrating the preferred embodi- 
ments and are not to be construed as limiting the 
invention. 

Fig. 1 is a schematic arrangement diagram 
showing an embodiment of a SAW (surface acous- 
tic wave) fiiter according to the present invention; 

Figs. 2A - 2C are schematic arrangement 
diagrams each showing a one-port SAW resonator 
used in another embodiment of the filter of the 
present invention; 



Fig. 3A is a diagram showing the schematic 
arrangement of a conventional one-port SAW reso- 
nator, 

Fig. 3B is a diagram showing the equivalent 
5 circuit of the SAW resonator, and Fig. 3C is a 
graph showing the frequency characteristics of the 
impedance of the SAW resonator; 

Fig, 4 is a diagram showing the equivalent 
circuit of the filter of the present invention depicted 
70 in Rg. 1; 

Fig. 5 is a diagram showing the arrangement 
of a prior-art fiiter; 

Rg. 6A is a graph showing the pass char- 
acteristics of the filter of the present invention 
75 shown in Rg. 1, while Fig. 68 is a graph showing 
the pass characteristics of the filter depicted in Rg. 
5; 

Figs. 7A and 7B are diagrams showing cir- 
cuits which include one-port SAW resonators in a 
20 shunt arm and in a series arm, respectively; 

Figs. 8 A - 8C are diagrams each showing 
the arrangement of a one-port SAW resonator, in 
which Rg. 8 A illustrates a prior-art resonator and 
Rgs. SB and 8C illustrate resonators used in the 
25 filters of the present invention; 

Figs. 9A, 9B and 9C are graphs showing the 
frequency characteristics of the impedances of the 
resonators depicted in Figs. 8A, SB and 8C. re- 
spectively; 

30 Figs. lOA - 10C are graphs showing the 

pass characteristics of the circuit depicted in Rg. 
7A; and 

Figs. 11A - lie are graphs showing the 
pass . characteristics of the circuit depicted in Rg. 
35 7B. 



DETAILED DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS: 

The present invention will be described in de- 
tail by revealing the preferred embodiments thereof 
with reference to the drawings. Example 1: 

45 Rg. 1 is an arrangement diagram of one em- 

bodiment of the filter of the present invention. The 
embodiment is an example in which a combined 
resonator filter is formed in such a way that four 
one-port SAW (surface acoustic wave) resonators 

50 configured of metal electrodes 4-1 , 4-2, 4-3, 4-4. 4- 
5 and 4-6 and a single gap capacitor configured of 
electrode patterns 5-1 and 5-2 are provided on a 
piezoelectric substrate 7 capable of transmitting a 
SAW. Symbols 1 and l' denote terminals for an 

55 electric power input, while symbols 2 and 2 denote 
terminals for an electric power output. Here, each 
of the resonators is constructed of an interdigital 
transducer which is made up of a large number of 
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pairs of metal electrode fingers interleaved to one 
another. Even when no reflectors exist on both the 
sides of the transducer, vibration energy is con- 
fined within the transducer by internal reflections 
based on the electrode fingers thereof themselves, 
so that the transducer serves as the resonator of 
one port. This one-port type will be exemplified 
below. 

The electrical equivalent circuit of such a one- 
port SAW resonator (Fig. 3A) is as shown in Fig. 
3B. With this expression, the filter in Fig. 1 is given 
by an equivalent circuit shown in Rg. 4. that is. an 
equivalent circuit arranged such that a series arm 
resonator which consists of an equivalent induc- 
tance 11-1. an equivalent capacitance 12-1 and a 
capacitance 13-1. and a shunt arm resonator which 
consists of an equivalent inductance 11-2, an 
equivalent capacitance 12-2 and a capacitance 13- 

2, the series and shunt arm resonators being con- 
nected in cascade as viewed from the input side, is 
connected through a gap capacitor 1 4 with a series 
arm resonator which consists of an equivalent in- 
ductance 11-4, an equivalent capacitance 12-4 and 
a capacitance 13-4, and a shunt arm resonator 
which consists of an equivalent inductance 1 1 -3, an 
equivalent capacitance 12-3 and a capacitance 13- 

3. the series and shunt arm resonators being simi- 
larly connected in cascade as viewed from the 
output side. In Hg. 1, symbols 6-1 thru 6-6 denote 
pieces of an acoustic material which serve to pre- 
vent SAWs excited by the SAW resonators, from 
traveling into the other SAW resonators. The 
acoustic material pieces are not always necessary 
in the performance of the present invention. The 
filter of the present invention shown in Fig. 1 is 
characterized by a construction wherein each of 
the series arm resonator and shunt arm resonator 
on the input side includes therein a plurality of 
transmission spaces each having an electric length 
not less than 'the wavelength of a SAW which can 
be transmitted at the pass-band frequency of the 
filter- (By the way. in Figs. 1 and 4, inductances 3- 
1, 3-2, 3-3 and 3-4 indicate external matching cir- 
cuits.) 

Rg. 5 shows another example of arrangement 
of a combined resonator filter which has been 
proposed by the Inventors. In this arrangement, 
both a series arm resonator and a shunt arm reso- 
nator on an input side are constructed of interdigital 
transducers each being configured of simple elec- 
trode fingers in a large number of pairs, similarly to 
resonators on an output side. When the arrange- 
ments in Rg. 1 and Fig. 5 are compared, the 
resonators on th output sides are the same, but 
the electrode constructions of the series arm reso- 
nators and shunt arm resonators on the input sides 
are different. Besides, in point of an equivalent 
circuit. Ilkewis to th case of the arrangement in 



Fig. 1, the filter of the arrangement in Fig. 5 is 
expressed by the equivalent circuit shown in Fig. 4. 
In the arrangements of Fig. 1 and Fig. 5, however, 
the values of the respective constituents 

5 (inductances and capacitances) of the series arm 
resonators and shunt arm resonators of the input 
sides are different. 

In the present invention, a SAW filter need not 
always be constructed of a plurality of SAW reso- 

10 nators. For some characteristics required, the filter 
may well be constructed of one series arm resona- 
tor and one shunt arm resonator. Increases in the 
number of series arm resonators and. the number 
of shunt arm resonators result in enlarging attenu- 

75 ation values on a higher frequency side^ and a 
lower frequency side, respectively. For the present 
invention which attains frequency characteristics 
exhibiting abrupt lower cutoff and upper cutoff, it is 
a favorable aspect to include at least two series 

20 arm resonators and at least two shunt arm resona- 
tors. In an extreme case, even a SAW friter con- 
structed of only one SAW resonator can be re- 
alized. 

Here, results obtained by simulating frequency 

25 characteristics with a computer as to the filter of 
the arrangement in Rg. 1 and the filter of the. 
arrangement in Fig. 5 are illustrated in Figs. 6A and 
6B. Here, a case of supposing the frequency al- 
location (800 MHz) of mobile telephone used in 

30 part of Europe is taken as an example. Fig. 6A 
shows the frequency characteristics, of the filter 
based on the arrangement of the present invention 
in Rg. 1. while Fig. 6B shows the frequency char- 
acteristics of the fitter based on the arrangement in 

35 Fig, 5- It is understood from these results^ that a 
filter which has very abrupt lower and upper cutoff 
frequency characteristics and whose loss is little 
can be realized owing to the filter of the arrange- 
ment of the present invention. With the filter of the 

40 arrangement in Fig. 5, abrupt lower and upper 
cutoff frequency characteristics capable of meeting 
specifications cannot be attained. Although the loss 
of tiiis filter is low at the central part of a pass band 
required, only results inferior to specifications are 

45 attained on both the sides thereof. 

When Figs. 6A and 68 are compared, poles 
fi h on a lower frequency side and poles fa , f* 
on a higher frequency side are respectively exis- 
tent also in Fig. 6B, in correspondence with poles 

50 fi , f2 on a lower frequency side and poles fs, f* on 
a higher frequency side in Fig. 6A. However, an 
important point of difference is that fa > h and fa 
< fa' hold. In genera!, the realization of abrupt 
lower and upper cutoff frequency characteristics is 

55 determined by the extent to which the poles near- 
est to ihe pass band (the poles fz, fs in Rg. 6A, 
and th poles fa', fa' in Rg. 68) can be approached 
to the pass band without affecting pass-band char- 
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acteristics. As compared with Fig. 6A, in Fig. 6B. 
the loss of the lower frequency side of the pass 
band increases as a result of that the lower and 
upper cutoff frequency characteristics is gently- 
sloping in spite of h > Also on the higher 
frequency side, the loss similarly increases as a 
result of that the lower and upper cutoff frequency 
charactenstfcs is gently-sloping in spite of fs < fa . 

Next, the differences of the characteristics in 
Fig. 6A and Fig. 6B will be described in correspon- 
dence with . the differences of the filter arrange- 
ments in Fig. 1 and Fig, 5. The pole fa close to the 
pass band on the lower frequency side in Fig. 6A is 
formed by the shunt arm resonator of the input 
side in Fig. 1 (corresponding to the elements n-2. 
12-2 and 13-2 of the equivalent circuit in Fig. 4). 
That is, the resonant frequency of the shunt arm 
resonator agrees with the pole h- On the other 
hand, the pole h close to the pass band on the 
higher frequency side in Fig. 6A is formed by the 
series arm resonator in Fig. 1 (corresponding to the 
elements n-1. 12-1 and 13-1 in Rg. 4). That is, the 
antiresonant frequency of the series arm resonator 
agrees with the pole fs. Ukewise, the other poles U 
and U of the lower frequency side and higher 
frequency side agree with the resonant frequency 
of the shunt arm resonator and the antiresonant 
frequency of the series arm resonator of the output 
side in Fig. 1, respectively. Quite the same rela- 
tions is made up between the characteristics in Fig. 
6B and the filter arrangement in Rg. 5. The poles 
fa' and h close to the_pass band agree with the 
resonant frequency of the shunt arm resonator and 
the antiresonant frequency of the series arm reso- 
nator of the input side in Fig. 5. respectively* while 
the other poles fi and f* agree with the resonant 
frequency of the shunt arm resonator and the an- 
tiresonant frequency of the series arm resonator of 
the output side, respectively. 

As understood from the above description, the 
differences between the filter of the arrangement in 
Fig. 1 and the filter of the arrangement in Rg. 5 lie 
in the different constructions of the series arm 
resonators and shunt arm resonators of the input 
sides, f^ore specifically, the characterizing feature 
of the filter of the arrangement of the present 
invention in Fig. 1 is that the plurality of transmis- 
sion spaces each having the electric length not 
less than the wavelength of the SAW which can 
travel at the pass-band frequency of the filter are 
included within the one-port SAW resonator. Owing 
to the use of the one-port SAW resonators of such 
construction, even when the corresponding poles fa 
and h in Fig. 6A are formed near the pass band of 
the filter, influences on the pass-band characteris- 
tics of the filter can be rendered sufficiently little, 
and a filter having very abrupt lower and upper 
cutoff frequency characteristics can be fabricated. 



In this embodiment, the electric length of the SAW 
transmission space as stated above is given by nx. 
Here, n denotes an integer of at least one, and \ 
denotes the wavelength of the SAW which is ex- 

5 cited in correspondence with the center wavelength 
of the pass-band frequencies of the filter. Essential 
is that such SAW transmission spaces have electric 
lengths which match the phases of SAWs to be 
excited, in other words, electric lengths which 

70 transmit the SAWs while keeping the phases. In the 
second embodiment to be described later, the 
length of each SAW transmission space is 



>v(where m denotes an integer 



2m + 1 
2 

75 of at least one). Incidentally, in the present inven- 
tion, the electric length may be approximately 
equal to nX 



(or 



2 m 4-1 



20 n(X±AX) 



2m + 1 
(or 2 
range of 



X), and 



(XiAX)) is available within a 



25 0 ^ ^ ^^^^ where the one-port 

SAW resonators of the conventional structure are 
employed on the input side as in the arrangement 
of Fig. 5, even when the corresponding poles fa 
and fa' are sufficiently spaced from the pass band 

30 of the filter, the pass-band characteristics of the 
filter are affected, and abrupt lower and upper 
cutoff frequency characteristics cannot be realized, 
as seen from Rg. 68. 

Next, there will be described the constructions 

35 of the resonators forming the point of difference 
between the arrangement in Fig. 1 and the arrange- 
ment in Rg. 5. Fig. 3A is a diagram showing the 
schematic structure of the conventional one-port 
SAW resonator which is constructed of the inter- 
ne digital transducer configured of the simple elec- 
trode fingers in the large number of pairs. As 
shown in Fig. 38, the equivalent circuit of this 
resonator is expressed by a parallel connection 
consisting of a capacitance 13 which is involved 

45 between the electrode fingers and an inductance 
11 and a capacitance 12 in series form which are 
ascribable to elastic vibrations. In addition, the fre- 
quency characteristics of the impedance (Z) of this 
circuit become Z = 0 at the resonant frequency (fr) 

50 and Z = » at the antiresonant frequency (fa) as 
illustrated in Rg. 3C. 

Here, in order to elucidate tiie relationship be- 
tween the construction of the resonator and the 
transfer characteristics of the filter, let's consider a 

55 circuit in which the resonator in Rg. 3A is intro- 
duced into the shunt arm between a power source 
and a load as shown in Rg. 7A. .The transfer 
characteristics of such a circuit become a pole at 
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the resonant frequency (fr) of the resonator be- 
cause of 2 = 0, and are not affected at the an- 
tiresonant frequency (fa) because of Z ^ Fig, 
lOA illustrates these transfer characteristics, and as 
seen from the figure, the interval between the fre- 
quencies fr and fa determines the leading edge 
part of the transfer characteristics of the filter. As 
shown in Figs. 10B and IOC by way of example, 
the lower cutoff frequency characteristics can be 
rendered increasingly abrupt by approaching the 
frequencies fr and fa. 

Besides, in the one-port SAW resonator of the 
structure in Rg. 3A, the frequencies fr and fa are 
determined by the piezoelectric effect of a piezo- 
electric substrate which is used. By way of exam- 
ple, with a substrate of high piezoelectric effect 
such as LiNbOa substrate or LiTaOa substrate, the 
interval of the frequencies fr and fa is great, so that 
the leading edge part of the transfer characteristics 
is gentle and becomes as shown in Fig. 10A. In 
contrast, with a substrate of low piezoelectric effect 
such as quartz substrate, the interval of the fre- 
quencies fr and fa is very smaiL so that the leading 
edge part of the transfer characteristics becomes 
abrupt to afford the characteristics as shown in Fig. 
108 or Fig. IOC. 

In view of the above, in order to realize the 
filter of the characteristics as shown in Fig. 6 A. the 
pole h corresponding to the abrupt lower cutoff 
frequency characteristics may be formed by a res- 
onator having the characteristics illustrated in Fig. 
10C, and the poie fi corresponding to wide-band 
frequency characteristics may be formed by a res- 
onator having the characteristics illustrated in Fig. 
10A. In principle, it is possible to obtain the above 
construction in such a way that a plurality of one- 
port SAW resonators which are respectively formed 
on substrates of unequal piezoelectric effects, for 
example. LiNbOs and quartz substrates, are com- 
bined by wire bonding or the like. However, the 
combination of the plurality of resonators formed 
on the different substrates is impractiable in con- 
sideration of a manufacturing process, assembiy, 
packaging, etc. 

The present invention has overcome these 
problems, and has realized resonators which are 
equivalently endowed with the transfer characteris- 
tics corresponding to Figs. 10A, lOB and IOC, by 
the use of a single piezoelectric substrate and on 
the basis of the electrode constructions of the 
resonators. A filter having abrupt lower and upper 
cutoff frequency characteristics as shown in Fig. 6A 
can be realized in such a way that a plurality of 
one-port SAW resonators formed on an identical 
substrate are coupled by electrode patterns etc. 

Rgs. 8A - 8C show examples of the series arm 
resonator and shunt arm resonator on the input 
side. Fig. 8A exemplifies the conventional one-port 



SAW resonator which is constructed of the inter- 
digital transducer configured of only the simple 
electrode fingers in a large number of pairs, Fig, 
SB exemplifies the one-port SAW resonator which 
5 includes therein a plurality of transmission spaces 
each having the electric length not less than the 
wavelength of the SAW. and in which one transmis- 
sion space is included every fourth pair of elec- 
trode fingers, and Fig.. 8C exemplifies the one-port 
70 SAW resonator which includes a plurality of trans- 
mission spaces similarly to the resonator in Fig. 
SB, but in which one transmission space is in- 
cluded every second pair of electrode fingers. The 
frequency characteristics of the impedances of 
75 these resonators are as shown in Figs. 9A, 9B and 
9C, which correspond to Figs. 8A. 8B and 8C, 
respectively. In view of the results in Figs. 9A - 9C, 
the intervals between the resonant frequencies (fr) 
and the antiresonant frequencies (fa) narrow in the 

20 order of the examples in Rgs. 8A, 8B and 8C, and 
in cases of employing these resonators as filter 
elements, it can be anticipated that filters having 
more abrupt tower and upper cutoff frequency 
characteristics will be fabricated in the order of the 

25 examples in Figs. SA, 88 and 8C, Concretely, 
examples of transfer characteristics in the cases of 
applying these resonators to the resonator portion 
in Fig. 7A are as shown in Figs. 10A, lOB and IOC, 
which correspond to the characteristics in Rgs. 9A, 

30 98 and 9C. respectively. From the results, it is 
understood that the lower cutoff frequency char- 
acteristics become more abrupt in the order of the 
characteristics in Figs. 9A. 9B and 9C; 

As thus far described, the frequencies fr and fa 

35 of the resonator. can be brought nearer than in the 
conventional one-port SAW resonator by introduc- 
ing into the resonator the plurality of SAW trans- 
mission spaces each of which has the electric 
length nX (where X denotes the wavelength of the 

40 SAW, and n denotes an integer). In case of em- 
ploying such a resonator, abrupt lower cutoff fre- 
quency characteristics are attained as the transfer 
characteristics of a filter. The reason why the inter- 
val between the frequencies fr and fa narrows in 

45 the resonator including the plurality of transmission 
spaces, will be elucidated below. In general, the 
excitation of a SAW is based on the fact that, when- 
plus and minus high-frequency voltages are ap- 
plied across mutually interleaved electrode fingers 

50 formed on a piezoelectric substrate, a strain ap- 
pears in the surface of the substrate owing to the 
piezoelectric effect and travels as the SAW along 
the substrate surface. In the resonator of the con- 
struction in Rg. 3A, the interval of the frequencies 

55 fr and fa is determined by the piezoelectric effect 
of the piezoelectric substrate as stated before. By 
way of example, the fr - fa interval is wide with a 
substrate of high piezoelectric effect such as an 
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LiNbOs or LiTa03 substrate, whereas it is narrow 
with a substrate of low piezoelectric effect such as 
a quartz substrate. Accordingly, the piezoelectric 
effect needs to be equivalently lowered by the 
electrode configuration of the resonator for the pur- 5 
pose of narrowing the fr - fa interval when the 
substrate of high piezoelectric effect such as the 
LiNbOa or LiTaOa substrate is used. In each of the 
resonators in Figs. SB and 8C. the piezoelectric 
effect is equvalently lowered in such a way that the io 
plurality of SAW transmission spaces each having 
the electric length not less than the wavelength of 
the SAW are introduced into the resonator. Inciden- 
tally, although this embodiment shows the example 
in which comparatively broad metal stripes are is 
formed in correspondence with the SAW transmis- 
sion spaces, they may of course be omitted. 

Further, the reason why the piezoelectric effect 
is equivalently lowered by introducing the transmis- 
sion spaces into the resonator can be elucidated as 20 
follows: Although the electrode fingers mutually in- 
terleaved in the resonator function as excitation 
electrode fingers for exciting the SAW, the portions 
of the transmission spaces do not excite the SAW. 
The density of the excitation electrode fingers in 25 
the resonator becomes lower as the number of the 
transmission spaces is larger, and the lowering of 
the density of the excitation electrode fingers is 
equivalent to decrease in the piezoelectric effect of 
the substrate- Accordingly, the piezoelectric effect 30 
of the substrate can be virtually weakened by in- 
troducing such SAW transmission spaces into the 
resonator, and any desired value smaller than the 
inherent piezoelectric effect of the substrate can be 
equivalently attained by properly selecting the 35 
number of the transmission spaces. Owing to the 
above facts, both the resonators whose fr - fa 
internals are wide and narrow can be realized by 
employing the single piezoelectric substrate and 
changing the constructions of the resonators. 40 

Next. let* s consider a circuit in which, as shown 
in Fig. 7B. the resonator is introduced into the 
series arm between a power source and a load. 
The transfer characteristics of such a circuit are not 
affected in the vicinity of the resonant frequency 45 
(fr) of the resonator because of 2 = 0, and become 
a pole at the anti resonant frequency because of Z 
a 00. Figs. 11 A, 11 B and 11C illustrate the transfer 
characteristics in the cases of employing the reso- 
nators in Rgs. 8A, SB and SC. respectively. It is so 
understood from these results that, also on this 
occasion, abrupt lower cutoff frequency character- 
istics are attained by employing the resonators 
each having the plurality of SAW transmission 
spaces, quite similarly to the occasion of Rgs. 1 0A 55 
- IOC. 

As Stated above, it is found that the combined 
SAW resonator filter of the arrangement in Fig. 1 



and the combined SAW resonator filter of the ar- 
rangement in Fig. 5 have the clear differences in 
characteristics therebetween. In the case of the 
arrangement in Rg. 1, the filter is endowed with the 
frequency characteristics as shown in Rg. 6A by 
employing the resonators each of which includes 
the plurality of SAW resonators therein, and it is 
effective as filters for mobile telephone etc. of 
which very abrupt lower and upper cutoff frequency 
characteristics are required. In contrast, in the case 
of the arrangement in Rg. 5, the frequency char- 
acteristics become as shown in Rg. 68, and the 
use as the filters of the abrupt frequency character 
istics cannot be expected. 



Example 2: 

This embodiment concerns another example. of 
construction of the one-port SAW resonator of the 
filter of the present invention- 
Figs. 2A - 2C show interdigital transducers 
each of which is configured of a large number of 
pairs of electrode fingers interieaved. to one an- 
other. Each of the figures illustrates a resonator in 
which some of the large number of SAW trans- 
ducers laid out in the direction of transmitting a 
SAW are electrically connected in series or in a 
combined series and parallel relationship. 

By way of example, the transducers in Fig. 2A 
will be referred to. Also in this case, when the 
number of the excitation electrode fingers is suffi- 
ciently large, a one-port resonator is formed as in 
the case of Fig. 3A. In addition, one characterizing 
feature of this resonator is that the impedance 
thereof becomes about four times in comparison 
with the impedance of the resonator of the prior-art 
construction in Rg. 3A. subject to the same num- 
ber of electrode fingers. Accordingly, the resonator 
construction is primising for a high-impedance fil- 
ter. Another characterizing feature of this resonator 
is that SAWs excited by the transducers which are 
arrayed in the direction of transmitting the SAWs 
and which are electrically connected in series 
come to have phases opposite to each other. Ac- 
cordingly, a SAW transmission space which has an 
electric length .equal to odd-number times the half 
of the wavelength of the SAWs 

{ ^ ^ X ) needs to be interposed 

between the transducers connected in series in 
order that the SAW excited by the adjacent trans- 
ducers may be added in the same phase in the 
SAW transmitting direction. 

When the resonator in Rg. 2A is concretely 
considered as an example in which a transmission 
space having an electric length equal to the half- 
wavelength of the SAW is interposed between the 
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series-connected transducers, this resonator need 
not especially introduce the plurality of transmis- 
sion spaces each having the electric length not 
less than the wavelength of the SAW as shown in 
Fig. 8B or Ftg. 8C, for the purpose of approaching 5 
the resonant frequency (fr) and the antiresonant 
frequency (fa). The reason is that the transmission 
space having the electric length of the half- 
wavelength of the SAW as interposed between the 
adjacent series transducers functions similarly. In iq 
order to approach the frequencies fr and fa. the 
number of pairs of unit transducers to be con- 
nected in series may be decreased, and the num- 
ber of the transducers in the resonator, namely, the 
number of the SAW transmission spaces may be 75 
increased. Thus, the effect equivalent to lowering 
the piezoelectric effect of the substrate can be 
achieved as in the construction of Rg. 8B or Fig. 
8C. 

Figs. 2B and 2C show structures which are 20 
fundamentally the same as the structure in Fig, 2A, 
but in which SAW transmission spaces to be inter- 
posed between the series-connected transducers 
have an electric length of 3/2 of the wavelength of 
SAW and an electric length of 5/2 thereof, respec- 25 
tively. Increase in the electric length of each inter- 
posed transmission space brings forth an effect 
equivalent to increasing the number of the SAW 
transmission spaces, and the piezoelectric effect of 
the substrate can be lowered to narrow the fr - fa 30 
interval as in the case of Fig. 2A. 

Although, in the above, the examples employ- 
ing the one-port resonators shown in Figs. 2A - 2C 
and Figs. 8A - 8C have been described, it is to be 
understood that similar effects are achieved even 35 
with a resonator in which metal stripe arrays, re- 
cessed arrays such as grooves, or SAW reflectors 
formed by ion implantation or the like are intro- 
duced on ^ both the sides of the resonator. More- 
over, the substrate is not restricted only to the 4o 
piezoelectric substrate, but a structure in which a 
piezoelectric thin film or the like is formed on a 
non-piezoelectric substrate such as of Si may well 
be used. Contrariwise, even in case of using a 
structure in which a non-piezoelectric thin film is 45 
formed on the piezoeiectric substrate, similar ef- 
fects are achieved as a matter of course. 

Although the invention has been described with 
reference to a surface acoustic filter having four 
resonators, it is to be appreciated that other filters so 
are applicable, including the other resonators be- 
tween the resonator on the power input side and ; 
the resonator on the power output side and the like. 

The invention has been described with refer- 
ence to the preferred embodiments. Obviously, 55 
other modifications and alterations will occur to 
those of ordinary skill in the art upon reading and 
understanding the present specification. It is in- 



tended that the invention be construed as including 
all such alterations and modifications insofar as 
they come with the scope of the appended claims 
or equivalent thereof. 



Claims 

1. A SAW (surface acoustic wave) filter com- 
prising a SAW resonator constructed including a 
piezoelectric substrate, a first electrode pattern 
which is formed on said piezoelectric substrate and 
which has a plurality of electrode fingers elec- 
trically connected to one another, and a second 
electrode pattern which is formed on said piezo- 
electric substrate and which has a plurality of elec- 
trode fingers electrically connected to one another 
and interteavedly arranged between the plurality of 
electrode fingers of said first electrode pattern; 
wherein said SAW resonator has a plurality of SAW 
transmission spaces for transmitting an excited 
SAW therein while keeping a phase of therSAW. 

2. The filter as set forth in claim 1, wherein 
said each SAW transmission space has an electric 
length which is greater than a half-wavelength (X/2) 
of the SAW to be excited. 

3. The filter as set forth in claim 1, wherein an 
electric length of said each SAW transmission 
space is substantially equal to 

^ — ^ X or nX where X denotes a 

wavelength of the SAW, and m and n denote 
integers. 

4. The filter as set forth in claim 1, wherein 
said SAW transmission spaces are arranged uni- 
formly in a SAW transmitting direction within said 
resonator. 

5. The filter as set forth in claim 1, wherein 
pairs of the electrode fingers included in said SAW 
resonator are in a number of 200 - 400. 

6. The filter as set forth in claim 1. wherein 
said SAW resonator is a one-port type resonator. 

7. The filter as set forth In claim 1, wherein 
said filter comprises a plurality of SAW resonators, 
at least one of which is said SAW resonator having 
said plurality of SAW transmission spaces. 

8. The filter as set forth in claim 7, wherein 
among said plurality of SAW resonators, one lo- 
cated on a side to which electric power is input is 
said SAW resonator having said plurality of SAW 
transmission spaces. 

9. The filter as set forth in claim 7, wherein 
said SAW filter comprises a first SAW resonator 
which is disposed on an electric power input side, 
and a second SAW resonator which is disposed on 
an electric power output side, and wherein at least 
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one of said SAW resonators has said plurality of 
SAW transmission spaces, and said SAW resona- 
tors are electrically connected to each other. 

10. The filter as set forth in claim 9, wherein 
said first and second SAW resonators are elec- s 
trically connected through a capacitor. 

11. The filter as set forth in claim 9, wherein 
said filter comprises a third SAW resonator which 
is connected in cascade with at least one of said 

first and second SAW resonators. jo 

12. The filter as set forth in claim 11, wherein 
said third SAW resonator is connected in correspn- 
dence with each of said first and second SAW 
resonators- 

13. The filter as set forth in claim 1, wherein 75 
said SAW resonator having said plurality of SAW 
transmission spaces includes a third electrode pat- 
tern which has a pluraiiity of electrode fingers re- 
spectively interleaved between said first electrode 
pattern and said second electrode pattern and 20 
electrically connected to one another. 

14. The filter as set forth in claim 9, wherein at 
least one further SAW resonator is connected elec- 
trically in series between said first SAW resonator 

and said second SAW resonator. 25 

15. A SAW (surface acoustic wave) filter com- 
prising a SAW resonator including a piezoelectric 
substrate, and a plurality of SAW excitation por- 
tions which are configured of a plurality of pairs of 
electrode fingers formed on said piezoelectric sub- 30 
strate. said respective SAW excitation portions be- 
ing spacedly arranged so that phases of SAWs 
excited by them may come into agreement. 

16. The filter as set forth in claim 15, wherein 
said SAW resonator has a pattern of first electrode 3S 
fingers electrically connected in common, and a 
pattern of second electrode fingers electrically con- 
nected in common. 

17. The filter as set forth in claim. 15, wherein 

said SAW resonator is disposed on an electric 40 
power input side of said filter. 

18. The filter as set forth in claim 15, wherein 
said SAW resonator has a third pattern of electrode 
fingers which are electrically connected in common 

and which are respectively interleaved between 45 
said first electrode fingers and said second elec- 
trode fingers of the corresponding patterns. 

19. A SAW (surface acoustic wave) filter com- 
prising: 

a piezoelectric substrate; so 
a first SAW resonator having a plurality of pairs of 
electrode fingers, which is formed on said piezo- 
electric substrate and which is connected to termi- 
nals on an electric power input side; 
a second SAW resonator having a plurality of pairs 55 
of electrode fingers, which is formed on said piezo- 
electric substrate and which is connected to termi- 
nals on an electric power output side, wherein said 
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first SAW resonator and said second SAW resona- 
tor are electrically connected in series; and 
third and fourth SAW resonators each of which has 
a plurality of pairs of electrode fingers and which 
are respectively connected in cascade to said first 
and second SAW resonators, wherein each of said 
first and third SAW resonators Includes therein a 
plurality of SAW transmission spaces for transmit- 
ting an excited SAW, and an electric length of said 
each SAW transmission space is greater than a 
half- wave length of the SAW to be excited. 

20. The filter as set forth in claim 19. wherein 
said each SAW transmission space excites no 
SAW. 
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